The heat transfer coefficient and temperature distribution of two phase flow (water, air) in rectangular ribbed vertical channel was investigated experimentally and numerically in this work for different values of water and air superficial velocities (0.0421, 0.0842, 0.1158, 0.1474 and 0.1684 m/s) and (1.0964, 1.425, 1.644, 1.864 and 2.193 m/s), respectively, at constant heat flux (120 W). The distribution of temperature along the channel was photographed using thermal camera and compared with images for the corresponding contours which found numerically. The experimental results of heat transfer coefficient compared with computational fluid dynamics model simulated by Ansys fluent 15.0. A good agreement has been found between the experimental and numerical data, where the percentage deviation between the experimental and the numerical results is (1% -6% ). The results showed that, the local heat transfer coefficient increased by adding ribs, it also increased as the velocity of the flow increased.
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INTRODUCTION
Different methods have been developed to improve the rate of heat transfer, and they are characterized as either passive or active technique. Passive techniques include additives of fluid, devices of swirl flow, extended and coated surfaces, and roughed surfaces anything that include applying special surface geometry. While active techniques include vibration of surface, acoustic or electric fields, and mechanical aids simply the techniques that requisite external power source (Manca et al. 2011 ). Channels and pipes that roughed with ribs or grooves are widely used in several applications such as ventilation, turbine blades, heat exchangers, and refrigeration. This is because of their desirable characteristics such as high heat and mass transfer rates between phases, temperature homogeneity, and good mixing of phases. One of the successful techniques is the use of ribs or grooves in the channels. The design of the ribs depends on its application. Ribbed channels are commonly used for the improvement of convection heat transfer. Since the presence of ribs in the channels generated a turbulence flow by breaking the laminar sub -layer if compared with the smooth channel, and this leads to increase the rate of heat transfer. Also the thermal boundary layer thickness are reduced by ribs due to the secondary flow regions that appear near the wall which increase the heat transfer rate. This work can be accomplished by maintaining the height of the roughness parts small compared with the dimensions of the channel ( , theoretically formed a model to simulate the three -dimensional flow with heat transfer of air and steam in a serpentine cooling channels using CFX approach. The flow in smooth and ribbed channels was described by using the SST and SSG turbulence model, respectively, Ansari and Arzandi (2012), experimentally investigated the air water two phase flow using rectangular ducts that are smooth and ribbed to show the effect of ribs height on the boundaries, they also presented a flow map diagram, Saha and Saha (2013), determined the experimental Nusselt number and friction factor data of laminar flow in a circular channel had an integral helical rib roughness and fitted with wavy-tape inserts, Al-Turaihi and Oleiwi (2016), employed a CFD model to study the two-phase flow in smooth and ribbed channels. Temperature was applied for the top and the bottom of the channel where the ribs located. Three kinds of ribs were used to perform the experiments triangle, rectangular, and trapezoidal, Jalghaf et al. (2016), investigated experimentally and numerically the two phase unsteady flow around heated body (circular-cylinder) in a horizontal rectangular channel. In this work a computational fluid dynamics simulation was performed for a two phase (water-air) flow in ribbed and smooth channel. Three rib shapes was used (triangular, semi-circle, and rectangular) and the results are compared with smooth channel to show the effect of ribs on the heat transfer coefficient.
EXPERIMENTAL TEST
An experimental channel is constructed to study the effect of water and air superficial velocities, also to show the effect of the ribs shape on the temperature distribution and heat transfer coefficient. The equipment used for the experimental test and the measuring system is shown in figure (1) . Perspex transparent channel used with a rectangular cross section (10 cm × 3 cm) and a length (70 cm) with a water pipe has a diameter of (3.175 cm), and air pipe has a diameter of (1.27 cm) to report the demeanor of the mixture (water -air) over the heated plate (rib). Channel has five holes at different locations, and sensors are fixed to measure the temperature of the two-phase flow inside the channel. Ribs are design and manufactured from stainless steel material with thermal conductivity of (202.4 W/m. k). Three different shapes of ribs was studied which as (triangular, semi-circle, and rectangular) as shown in figure (2), smooth channel was also generated to show the difference made by the ribs. The ribs have a base width of (p=1.2 cm) and height of (d=0.6 cm) along with a bitch distance of (w=0.5 cm). Ribs are mounted and fixed by screw and nut on a blind panel on the left side of the rectangular channel at (5.0 cm) from the test section entrance. The water pumped with maximum discharge of 500 l/min from the water tank and forced into the test section. Flow meter is used to measure volume flow rate of water with range (0-30 l/min). The air compressor with a specification capacity (0.5 m 3 ) and maximum pressure (16 bar) is used to provide gas phase (air) into the test section . Air flow meter of range (5.833 l/min to 58.33 l/min), is used to measure and control the volume flow rate of air. The electrical voltage provided into the heaters by a power supply with a maximum voltage (220 V), with Digital Power Analyzer used to balance the electrical voltage across the heaters. Two Heater with total voltage is (220 V) supported into the channel at ribs side. A thermal camera was used to record the temperature distribution of the mixture (water and air) inside the channel, camera had a high accuracy of ±2°C or ±2%, with frame rate 9HZ. The air phase and the water phase are blended in a mixing device before they enter the channel. Different values of water and air flow rates and constant heat flux were employed in order to measure the temperature in different working conditions. The values used are shown in Table (1) . The present experimental procedures can be summarized as: 1-The first rib (triangular shape) is attached inside the channel. 2-Turn on water centrifugal pump at the initial value of (2 l/min). 3-Supply the electrical power to the heaters at constant heat flux of (120 W). 4-Wait few minutes (5-10 min) until the rib up to the desired temperature (42 C) by observing the temperature variations in different locations along the test section. 5-Turn on the air compressor at the initial value of (8.33 l/min). 6-Recording the temperature by sensors which are located at five points along the test section, and imaging the distribution of temperature by the thermal camera . 7-The above steps are repeated for the four different values of air flow rate as given in Table (1) . 9-The above steps are repeated for the four different values of water flow rate as given in Table (1). 10-All the above steps are repeated for the rectangular and semi-circle ribs. Superficial velocities were found for water and air and used in the graphs to show the effect of increasing it on the local heat transfer coefficient results and the temperature distribution. The flow rate was measured directly from the flow meter and used to calculate the superficial velocity according to Eq. (1) 
NUMERICAL SIMULATION
Numerical simulation was performed for each experiment of test using Ansys Fluent 15.0. The model was assumed as two dimensional geometry structure modeled with Ansys Workbench 15.0. In this work, the geometry of the rectangular channel was divided elements (Quadrilateral structured grid) using the Meshing combined with Ansys Workbench 15.0 with maximum and minimum size equal to (0.002 m). The number of elements were (5188, 5200, 5277, and 5283) for rectangular ribbed, semi-circle ribbed, triangular ribbed, and smooth channel. The model governing equations would be solved at each element of the model geometry. Fig. (3) shows the mesh of the smooth and channel with three types of ribs.
BOUNDARY CONDITIONS
Boundary conditions used for this model are:
Inlet Velocity
The bottom edge of the rectangular channel which represented inlet of the channel. The superficial velocities of water and air was used as the inlet boundary condition, which is set as Left side wall of the smooth and ribbed rectangular channel at ribs was exposed to a constant heat flux (120 W). While the remaining portion of the channel wall was set to be adiabatic. Outlet The outlet of the channel was set as an outlet pressure. The boundary conditions are presented in Table ( 2). Relaxation factors used for the numerical simulations in fluent model are shown in Table (3) .
GOVERNING EQUATIONS
Mixture model solves the conservation equations of continuity, momentum, and energy for each phase, a mixture model was used where the phases moved at different velocities. The governing equations can be written as (Fluent User's Guide, 2006):
Continuity Equation
The general form of this equation is given by: 
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The mass-averaged velocity m  is represented as:
and m  is the density of mixture :
k  is the volume fraction of phase k.
Momentum Equation
The general form of this equation is given by:
.
Where n is the number of phases , F is a body force, and m  is the viscosity of the mixture, which is given by:
Where , dr k  is the drift velocity for secondary phase k:
Energy Equation
where keff is the effective conductivity ..
. .
where  is the turbulent dissipation rate, G 
The model constants are given in Table (4) .
HEAT TRANSFER COEFFICIENT
The rate of heat transfer is the amount of heat that is transferred per unit time (usually per second). The local heat transfer coefficient by convection between the surface of the heated plate (rib) and mixture of two phase flow can be written as ( 
where q is the heat flux (W), and is regularly distributed over the test section, r A is the surface area of the rib, s  is the surface temperature of the rib which is measured by thermocouple, and f  is the local fluid temperature.
UNCERTAINTY ANALYSIS
All the quantities (heat flux and temperature) that are measured to estimate the local heat transfer coefficient are subject to certain uncertainties due to errors in the measurement. These individual uncertainties as well as the combined effect of these are presented here. The error may result either from the experimental or from the instrument or both. So, the analysis of error for any experimental is required to be determined. The experimental result R is a given function of the independent variables x1, x2, x3, ……., xn , thus: R=R(x1, x2, x3, …., xn) 
Equation ( 
The uncertainty of local heat transfer coefficient for the channel with ribs can be calculated as follows: Table (5) give a detailed calculation of the uncertainty of local heat transfer coefficient.
RESULTS AND DISCUSSIONS
The experimental and numerical heat transfer coefficient results were drawn together in order to compare between them, where solid and dotted lines represented the experimental and numerical results, respectively. Furthermore, the distribution of temperature along the channel was photographed using thermal camera and compared with images for the corresponding contours which found numerically. The numerical results seemed to have the same influence as the experimental results with a deviation of about (6.0 %) found between them. This is because, it was a changed phenomenon and controlled by different parameters that being assumed throughout these simulations, so those values can be changed by making different assumptions. Two phase (water-air) flow through rectangular channel that roughed with different shapes ribs (rectangular, semi-circle, and triangular) was investigated using ANSYS Fluent 15.0. Five values of water and air velocities was studies. Figure (4) shows the local heat transfer coefficient for the three shapes of ribs with respect to the air superficial velocity and at different values of the water superficial velocity and heat flux. When water superficial velocity increase, the heat transfer coefficient increase due to the decrease in the time residence of mixture (water and air) and increase the amount of water inside the channel, and adding of ribs increase surface area of heat transfer and interrupt the development of boundary layer of flow and create turbulence flow inside the channel. Thus the triangular rib had a higher rate of heat transfer of the other ribs, because it had a sharp edge and smallest tip, so the area for the leading edge and the trailing edge behavior was at its biggest value for the rectangular ribs and at its smallest value for the triangle ribs and this provides additional area for heat transfer and generated a turbulence flow higher than the other ribs (semi-circle and rectangular). In addition, it can be said that more increase in the heat transfer augmentation for triangular and semi-circle ribbed channel is due to the fact that the flow mixing and sweeping surface in these types of ribs are more than those of the rectangular ribs. One can conclude that the flow mixing and disturbances for the triangular rib were more than that for the other ribs. Figures (5) to (7), demonstrate the contours of temperature distribution for the three ribbed channels experimentally and numerically. Each figure is for five values of water superficial velocity with a constant value of air superficial velocity and heat flux. These figures show that the amplitude appeared at a certain location which where the ribs located. Figure (5) show the effect of water superficial velocity on the contours of temperature distribution inside the channel ribbed with triangular shape at constant values of air superficial velocity and heat flux. As the superficial velocity of water increased the temperature distribution decreased inside the channel. The reason for this effect was a result of increasing the superficial velocity of water and decreases the time residence of mixture inside the channel which caused an increase in the water flow rate and reduced the temperature difference along the channel. Figure (6 ) offer the contours of temperature distribution through channel supplied with semi-circle rib at constant values of air superficial velocity and heat flux. The temperature distribution over the walls of the ribs decreased as the water superficial velocity increased due to the increase in the amount of water and decreases the time residence of mixture inside the channel. Figure (7 ) display the contours of temperature distribution through channel fitted with rectangular rib at constant values of air superficial velocity and heat flux. As the water superficial velocity increased, the distributions of the temperature decreased due to the increase in the amount of water and decrease the time residence of mixture inside the channel.
COMPARISON BETWEEN SMOOTH AND RIBBED CHANNEL
Heat transfer was investigated for both smooth and ribbed channels. The investigation was performed experimentally and numerically and the results of smooth channel were compared with the ribbed one, for the same boundary conditions. Figure (8) shows the heat transfer coefficient for both smooth and ribbed channel at different superficial velocities of water and air and constant heat flux (120 W). It can be shown that the heat transfer coefficient for channel fitted with three shape of ribs (triangular, semi-circle, and rectangular) was greater that smooth channel by (75% for channel fitted with triangular rib), by (59% for channel fitted with semi-circle rib), and by (45% for channel fitted with rectangular rib). The percentage increase in the heat transfer coefficient was calculated using equation (22). Attributing the cause of this effect to the presence of the ribs in the channels, where these ribs provides additional surface area for heat transfer and creates a turbulence flow by breaking the laminar-sub layer, and as a result of this effect, the heat transfer coefficient results increase because of both increasing surface area and increasing turbulence. Thus the triangular rib had a higher rate of heat transfer of the other ribs, because it had a sharp edge and smallest tip, so the area for the leading edge and the trailing edge behavior was at its biggest value for the rectangular ribs and at its smallest value for the triangle ribs and this provides additional area for heat transfer and generated a turbulence flow higher than the other ribs (semi-circle and rectangular).
CONCLUSIONS
In this paper the two phase heat transfer coefficient for ribbed and smooth channel was investigated experimentally and numerically using Ansys Fluent 15.0 software. The heat transfer coefficient of the ribbed channel was compared with the smooth channel and found to be increased by 45 % for rectangular ribbed channel, 59 % for semi-circle ribbed channel, and 75 % for triangular ribbed channel, so, the triangular rib is the best shape to enhance the rate of heat transfer, whereas the rectangular rib is the worst one to enhance it. It also found that the heat transfer coefficient increase as the velocity of the flow increase. The temperature distribution was shown to be formed at the trailing edge of the ribs and the temperature found to be at its higher value at the trailing edge of the ribs and for the three types of ribs. 
